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(54) Diagnostic system for an electric heater of an air-intake manifold of a diesel engine 



(57) A diagnostic system for an electric heater (10) 
connected with an air-intake manifold (8) of a diesel en- 
gine, in which at least one remote-controlled (6) switch 
(17) is disposed between the vehicle battery (15) and 
the electric heater (1 0). The systems provides the mon- 



itoring the voltage (Vbatt) of the vehicle battery so as to 
detect variations (A Vbatt) in voltage associated with 
commands for closing and/or opening the switch (17), 
and the evaluation of the condition of the electric heater 
(1 0) based on the variations detected. 
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Description 

[0001] The present invention relates to a diagnostic 
system for an electric iieater of an air-intake manifold of 
a diesel engine. ^ 
[0002] It is known that diesel engines may be provided 
with an electric heater (grid heater) disposed in the in- 
take manifold and comprising one (or more) electric re- 
sistors powered by the vehicle's battery. 
[0003] This electric heater is normally operated for a io 
few seconds immediately before starting up the diesel 
engine so as to heat the air fed to the combustion cham- 
bers of the engine, thereby facilitating the starting of the 
engine itself. 

[0004] More particularly, the electric heater can be 
connected to the battery via a power relay controlled to 
open/close by the electronic processor which controls 
the diesel engine. When closed, this relay has to carry 
a high current (100-300 amperes) which, in some oper- 
ating conditions, can damage the relay itself; further- 
more, it Is known how electric resistors can be easily 
damaged. However, a fault which precludes the supply 
and/or operation of the resistors cannot be directly de- 
tected by the electronic processor as a result of the gal- 
vanic separatiori effected by the relay which separates 2S 
the (low power) control side, mainly comprising the elec- 
tronic processor, from the high power supply side com- 
prising the relay contacts, the supply lines and the re- 
sistors. 

[0005] The object of the present invention is to devise 30 
a diagnostk: system whtoh makes possible the detection 
of any fault which does not allow the. electric heater to 
operate. 

[0006] This object is achieved by the present inven- 
tion in that it relates to a diagnostic system for an electric 35 
heater of an air-intake manifold of a diesel engine of the 

type described in claim 1 . 

[0007] The invention will now be described with refer- 
ence to the accompanying drawings which illustrate a 
non-restrictive example of embodiment thereof, where- 40 
in: 



information signals Pin and generates at the output con- 
trol signals Pout fed to the injection system 3 so as to 
control the supply of a desired quantity of fuel. 
[0009] The diesel engine 1 is further provided with an 
intake manifold 8 (illustrated schematically) -tch is 
provided with a heater device 10 intended tc at the 
flow of air 1 1 drawn into the manifold and fed tc com- 
bustion chambers of the diesel engine 1 . The r 3r de- 
vice 1 0 is of known type and, for example, may uprise 
one (or more) electric resistors disposed insic ihe In- 
take duct 8 and intended to heat the air flov/ j inside 
the manifold 8. 

[0010] In particular, the electric resistor 10 :as a first 
terminal connected to a reference voltage 1 3 i earth) and 
a second temriinal connected, through an electrical lead 
14, to the positive terminal (+) of the battery 15 of the 
vehicle (not shown) In which the engine 1 Is installed. A 
remote- controlled switch 17 Is further provided along 
the electrical lead 14 so that, when closed, it allows pow- 
er to be supplied to the resistor 1 0. Advantageously, the 
remote- controlled switch 1 7 comprises a power relay 
which receives a low-voltage electrical control signal Vr 
from the electronic processor 6. The electronic proces- 
sor 6 is also supplied with power by the battery 15 
through an electrical lead 20. 

[0011] The electrical control signal Vr is generated, on 
the basis of preset logic, by the electronic processor 8; 
advantageously this control signal is adapted to allow 
power to be supplied to the resistor 10 for a first preset 
period of time T1 (Figure 2) before starting the engine 
1 and to effect a successive power supply to the resistor 
1 0 for a second preset period of time T2 succeeding the 
first period of time T1 ; moreover, the second preset pe- 
riod oftimeT2 (for example, 1 00-1 80 seconds) is longer 
than the first period T1 (for example, 3-5 seconds). Ad- 
vantageously, the control signal Vr assumes a first op- 
erative value (for example 0 volts) so as to effect the 
opening of the switch 17 and a second operative value 
(for example 12 volts) so as to effect the power supply 
to the solenoid of the relay (not shown) and allow the 
closing of the relay 1 7 and thus the power supply to the 
resistor 10. 

[0012] Figure 3 illustrates a block diagram which 
shows the operation of the diagnostic devtee according 
to the present invention. 

[0013] Initially a block 100 Is reached, which effects 
the measurement of the voltage Vbatt(t) of the battery 
15; this measurement can be carried out, for example, 
by measuring the value of the voltage in the electric lead 
20. 

[001 4] The block 1 00 is followed by a block 1 1 0 whk:h 
is awaiting a switch -on command for the heater device 
1 0; this monitoring is advantageously carried out by ex- 
amining the electrical control signal Vr of the relay 17; 
in partknilar, when the control signal Vr passes from the 
first operative value to the second operative value a 
switch-on command for the heater device 1 0 is defected 
and the block 110 is followed by a block 120. 



Figure 1 illustrates schematically a diesel engine 
provided with an electric heater disposed in an in- 
take manifold and operating jointly with a diagnostic 
system designed in accordance with the present In- 
vention; 

Figure 2 illustrates the behaviour with time of sig- 
nals controlled by the diagnostic system of the 
present invention; and 

Figure 3 illustrates the logic operating diagram of 
the diagnostic system. 

[0008] In Rgure 1 the reference numeral 1 generally 
denotes a diesel engine which is provided with a fuel- 
injection system 3 controlled by an electronic processor 
6 (also called EDC Electronic Diesel Control). The EDC 
processor 6 (of known type) receives a plurality of input 
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[0015] The block 120 carries out, at an instant t+1 suc- 
ceeding the switch-on command for the heater device 
heater device 1 0, the measurement of the voltage Vbatt 
(t+1) of the battery 15. It has to be detected how, follow- 
ing the power supply to the resistor 1 0, the battery volt- 
age Vbatt(t-i-l) typically assumes a minimum value with 
respect to the preceding value Vbatt(t) owing to the high 
current consumption of the resistor 1 0. 
[001 6] The block 1 20 is followed by a block 1 30 which 
calculates the difference AVbatt between the battery 
voltage measured before and after the Issuing of the 
switch-on command for the heater devtee 10, namely: 

AVbatt = Vbatt(t) - Vbatt(t+1) 

[001 7] Under conditions of actual power supply to the 
device 10, the difference between the voltages Vbatt{t) 
and Vbatt(t+1) can clearly be detected and the differ- 
ence AVbatt assumes values which are not negligible. 
Therefore, the block 130 verifies whether the measured 
voltage difference AVbatt assumes a value above a 
threshold thresholdl; in the affirmative (AVbatt > thresh- 
old) a current consumption by the resistor 1 0 is detected 
and, therefore, correct operation of the heater device 1 0 
" — w h e n I t i s swi tch ed o n , ot h erw ise (AVbatt < : thres hol d)- 
an anomalous current consumption is detected and, 
therefore, faulty operation of the heater device 1 0 when 
ft is switched on. 

[001 8] The block 1 30 is followed by a block 1 40 which 
is awaiting a switch-off command for the heater device 
10; this monitoring is advantageously carried out by ex- 
amining the electrical control signal of the relay 1 7; in 
particular when this control signal Vr passes from the 
second operative value to the first operative value a 
switch-off command is detected for the heater device 
heater device 1 0 and the block 1 40 is followed by a block 
150. 

[001 9] The block 1 50 carries out, at an instant t+2 suc- 
ceeding the switch-off command for the heater device 
10, the measurement of the voltage Vbatt(t+2) of the 
battery 15. It has to be detected how, following the in- 
terruption in the power supply to the resistor 1 0, the bat- 
tery voltage AVbatt(t+2) normally returns to the preced- 
ing value Vbatt(t). 

[0020] The block 1 50 Is followed by a block 1 60 which 
calculates the difference AVbatt between the battery 
voltage measured before and after the sending of the 
switch-off command for the heater device 10, namely: 

AVbatt = Vbatl(t+1) - Vbatt(t+2) 

[0021 ] Under conditions of actual power supply to the 
device 10 and consequent lack of power supply to the 
device 10 itself, the difference between the voltages 
Vbatt(t-i-1 ) and Vbatt(t-i-2) can clearly be detected and 
the difference AVbatt assumes a value which is not neg- 



ligible. Therefore, the block 1 60 verifies whether the ab- 
solute value of the measured voltage difference Vbatt 
assumes a value above a threshold threshold2; in the 
affirmative (AVbatt > threshold2) the end of current con- 
5 sumption by the resistor 1 0 is detected and, therefore, 
correct operation of the heater device 10 when it is 
switched off, othenvise (AVbatt < threshold2) faulty op- 
eration of the heater device 10 is detected when it is 
switched off. 

10 [0022] The block 1 60 is followed by a block 1 70 which 
verifies the necessity of other control cycles; in the af- 
firmative (other control cycles to be activated) a return 
is made from the block 170 to the block 100, otherwise 
(end of the control cycles) the block 170 is followed by 
IS a block 1 80 whch canies out the diagnosis of the oper- 
ation of the heater devbe 10 on the basis of the data 
currently available. The block 1 80 can detect correct op- 
eration of heater device 10 (block 190 - OK) or faulty 
operation of the heater device 10 (block 200 - FAIL). 
20 [0023] In operation, following the insertion of the igni- 
tion key 22 (illustrated schematteally) into the ignition 
lock 24 (illustrated schematically) and its rotation for a 
first section of angular travel, the electronic processor 6 
controls a first switching-on cycle of the heater device 
25 10 for the purpose of heating the air fed to the engine 1 
"^■'^^^-a nd fac il itating th e start i ng th e r e of rfh e p roc e ssor 6 -con^ = -^ 
trols the transition of the signal Vr which passes from 
the first operative value to the second operative value 
so as to effect the closing of the relay 17 and the con- 
30 nectlon of the resistor 1 0 to the battery 1 5. If the resistor 
10 Is supplied correctly, a variation (AVbatt) occurs In 
the battery voltage: this variation is automatically detect- 
ed (blocks 100, 110 and 120) and compared with a 
threshold value (block 1 30) so as to detect a high current 
35 consumption caused by connect operation of the heater 
device 10 when it is switched on. 
[0024] Subsequently, the electronic processor 6 con- 
trols a further transition of the signal Vr which passes 
from the second operative value to the first operative 
40 value so as to effect the opening of the relay 1 7 and the 
disconnection of the resistor 10 from the battery 15. If 
the resistor 1 0 is correctly disconnected, a variation (AV- 
batt) occurs in the battery voltage which returns to the 
value prior to the swItching-on of the heater device 1 0; 
this variation is automatically detected (blocks 1 40, 1 50) 
and compared with a threshold value (block 1 60) so as 
to detect the cutting-out of the heater device 10. 
[0025] Subsequently, the'ignition key 22 is caused to 
rotate for a second section of angular travel so as to 
so control the power supply to the starter motor (not shown) 
and the starting of the engine 1 . Following the starting 
of the engine 1 , the battery current increases (Figure 2) 
as a result of the operation of the alternator (not shown). 
[0026] The above-mentioned operations can be re- 
55 peated (block 1 70) for other power supply cycles to the 
heater device 1 0, for example carried out with th.e en- 
gine 1 running. In particular, it is possible to monitor the 
variation in battery voltage resulting from a switch-on 
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command for the heater device 1 0 effected with the en- 
gine running and a subsequent variation in battery volt- 
age caused by a switch-off command for the heater de- 
vice 10 effected with the engine running. 
[0027] Alternatively or additionally to what has been 
stated above, it Is possible to command a plurality of 
successive start-ups and switch-offs Ps (Figure 2) of the 
heater device 10, and for each start-up command and 
for each switch-off command it is possible to detect the 
respective variation in the battery voltage. 
[0028] The block 180 carries out a decision analysis 
based on the infomiation supplied to it. 
[0029] For example, if a significant variation in the bat- 
tery voltage is detected following the switch-on com- 
mand and following the switch-off command for the 
heater device 10 (i.e. if correct operation of the heater 
device 10 Is detected upon starting up and switching 
off), correct operation of the heater device 10 is recog- 
nised. 

[0030] If at least one of the two variations in voltage 
is not significant (I.e. if faulty operation of the heater de- 
vice 10 is detected upon starting up and switching off), 
faulty operation of the heater device 10 is detected. 
[0031] If more command cycles for switching on and 
switching off the heater device 1 0 are carried out, it is 
possible to activate more complex logics than those de- 
scribed above, for example if a significant variation in 
battery voltage is detected for a preset number of com- 
mands for switching on and switching off the heater de- 
vice 1 0. correct operation of the heater device 1 0 is rec- 
ognised. 

[0032] Analogously, if faulty operation of the heater 
device 1 0 is detected for a preset number of swltchlng- 
on and/or switching-off operations, faulty operation of 
the heater device 10 is detected. 
[0033] The advantages achieved with the present in- 
vention are apparent from the foregoing, insofar as any 
fault (for example interruption in the electrical lead 14, 
faulty operation of the relay 1 7, breakdown of the resis- 
tor 1 0) which prevents power supply to the heater device 
10 and involves failure of the latter to consume current 
consequently no variation in the battery voltage is de- 
tected. 
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means for evaluating the condition of said elec- 
tric heater (10) based on the variations detect- 
ed. 

A system according to claim 1 , character«^;ed In 
that said monitoring means are adapted to detect 
the variation (AVbatt) in battery voltage fo?' 
closing command for said switch (1 7); said 
ing means being adapted to compare the 
in voltage detected with a threshold valu'. 
recognise high current consumption and 
correct operation of the electric heater r 
is switched on. 
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A system according to claim 2, characterised in 
that said monitoring means are adapted to detect 
the variation (AVbatt) in battery voltage following an 
opening command for said switch (17); said evalu- 
ating means being adapted to compare the varia- 
tion in voltage detected with a threshold value so as 
to recognise the de-energising of the electric heater 
(10) and, therefore, correct operation of the electric 
heater (1 0) when it is switched off. 

A system according to claim 3, characterised by 
comprising deciston means (180) adapted to recog- 
nise correct operation of the electric heater (1 0) if 
correct operation of the electric heater (10) is de- 
tected when it is switched on and when it is switched 
off; said decision means (1 80) being adapted to rec- 
jogriise faulty operation of the electric heater (10) if 
correct operation of the electric heater (10) is not 
detected when it Is switched on or when It is 
switched off. 



Claims 



A diaonostic system for an electric heater (1 0) con- 
nected with an air-intake manifold (8) of a diesel en- 
gine, in which at least one remote-controlled (6) 
switch (1 7) is disposed between the vehksle battery 
(IS) and said electric heater (1 0), characterised by 
comprising: 

means for monitoring the voltage (Vbatt) of the 
vehicle battery adapted to detect variations 
(AVbatt) in said voltage associated with com- 
mands for said switch (17); and 
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